Abstract Scattering of a spin-1 2 particle off a spin-0 target is formulated based on a simple threedimensional momentum-spin basis. The azimuthal behaviour of both the potential and the T -matrix elements leads to a set of integral equations for the T -matrix elements in two variables only, namely the momentum's magnitude and the scattering angle. Some symmetry relations for the potential and the T -matrix elements reduce the number of the integral equations to be solved by a factor of one half. A complete list of the spin observables in terms of the two-dimensional T -matrix elements is presented.
Introduction
The standard partial-wave (PW) technique has been successfully used to calculate few particle system, see for example Ref. [1] for 3 nucleon systems. But as energy increases PW calculations become more tedious, since many more higher angular momentum states have to be included. As an alternative to the PW technique one can use a so called three-dimensional (3D) technique, the basic idea of which is not to expand the basis states into partial waves. Many works based on this idea for various systems have been carried out. See for example Refs. [2, 3] for 2 and 3 boson scattering, Refs. [4, 5, 6, 7] for 2 nucleon scattering, Ref. [8] for 3 nucleon scattering, and Ref. [9] for scattering of a spin-1 2 particle and a spin-0.
We take as our system the same system being considered in Ref. [9] , but we define a different basis. In fact our basis states are simpler than those used in Ref. [9] . We, nevertheless, end up with some integral equations, the solution of which can be directly used to calculate observables, which is not the case in Ref. [9] .
We show in Section 2.1 the basis states and the derivation of the integral equations for the T -matrix elements based on these basis states. In Section 2.2 we show a complete list of spin observables being connected directly to the T -matrix elements, which are the solution of the obtained integral equations. We sumarize in Section 3. 
T-matrix elements
We define our basis state pλ as a direct product of the free state p and the spin s = 1 2 state ẑλ :
Here p and s = 1 2 are the relative momentum and the total spin of the two particles, with the spin being quantized along the z-axis. Let us just call pλ the 3D basis states. Based on the 3D basis states the potential V -and T -matrix elements are defined as
These T -matrix elements T λ ′ λ (p ′ , p) obey the following Lippmann-Schwinger equation
with
For the system being considered the interaction takes a general structure given as
, (i = 0, 1) spin-independent functions. Assuming as well time-reversal invariance, this requires
Inserting Eq. (6) into Eq. (2) we get the potential matrix elements
In the case, wherep =ẑ, the azimuthal behaviour of V λ ′ λ (p ′ , p) shows up as
It can be shown that the azimuthal behaviour of V λ ′ λ (p ′ , pẑ) given in Eq. (9) also applies to
The T -matrix elements T λ ′ λ (p ′ , p, θ ′ ) defined in Eq. (11) obey the following integral equation:
Some symmetry relations for
Applying these symmetry relations, Eqs. (14) and (15), in the integral equation given in Eq. (12) leads to similar symmetry behavior for
We need, hence, to solve only 1 set of 2 coupled equations of Eq. (12), namely those for
Spin observables
In this section we show some spin observables for the case, where the spin-1 2 particle plays as the projectile (particle 1) and the spin-0 particle as the target (particle 2). These observables are spinaveraged differential cross section, polarization, analyzing power, and depolarization tensor. These observables can be calculated directly from the T -matrix elements
spin-averaged differential cross section:
polarization P y and analyzing power A y :
depolarization tensor: 
